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(54) BALLOON-EQUIPPED CATHETER

(57) A balloon catheter (10) comprises: a housing
(55); a catheter shaft (20) having a proximal end portion
disposed in the housing (55) and forming a liquid feeding
path (21) communicating with an inside of a balloon (15)
attached to a distal end portion; a supply-discharge line
connection portion (30) which has an internal space (31)
communicating with the liquid feeding path (21), and to

which a supply-discharge line (36) that supplies and dis-
charges liquid to and from the liquid feeding path (21)
through the internal space (31) can be connected; and a
stopcock (35) capable of closing the internal space (31)
of the supply-discharge line connection portion (30). A
position of the supply-discharge line connection portion
with respect to the housing is fixed.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a balloon cath-
eter.

BACKGROUND ART

[0002] As shown in JP 5913739 B2, in recent years,
treatment using a balloon catheter has been performed.
Balloon catheters are used to cauterize myocardial tissue
with heated liquid in the balloon, for example, in the treat-
ment of arrhythmias. FIG. 9 illustrates a catheter system
100 to which a conventional balloon catheter 110 is ap-
plied.
[0003] The catheter system 100 illustrated in FIG. 9
includes a balloon catheter 110, a stirring device 120 that
stirs liquid in the balloon catheter 110, and a heating de-
vice 130 that heats the liquid. The balloon catheter 110
includes a catheter shaft 111 in which a liquid feeding
path is formed, a balloon 112 attached to a distal end
portion of the catheter shaft 111, and a syringe 113 that
supplies and discharges liquid to and from the liquid feed-
ing path of the catheter shaft 111 and the balloon 112.
The syringe 113 and the stirring device 120 are connect-
ed to the catheter shaft 111 via a three-way stopcock 140
and a flexible tube 145. By operating the three-way stop-
cock 140, one of the syringe 113 and the stirring device
120 can communicate with the liquid feeding path of the
catheter shaft 111.
[0004] Such an operation of the balloon catheter 110
is very complicated because it is necessary to operate
the three-way stopcock 140 and the like while holding
the catheter shaft 111 inserted into the body of the pa-
tient. Therefore, the operation of the balloon catheter 110
requires a plurality of personnel. For example, as indi-
cated by broken lines in FIG. 9, while a person holds the
catheter shaft 111 with his/her both hands A1 and A2,
another person operates the three-way stopcock 140 or
the like with his/her both hands B1 and B2.
[0005] Meanwhile, it is required to improve the opera-
bility of the balloon catheter so that the number of per-
sonnel required for operating the balloon catheter can be
reduced.

DISCLOSURE OF THE INVENTION

[0006] The present invention has been made in view
of the above points, and an object thereof is to provide
a balloon catheter with improved operability.
[0007] A balloon catheter according to the present in-
vention comprises: a housing; a catheter shaft having a
proximal end portion disposed in the housing and forming
a liquid feeding path communicating with an inside of a
balloon attached to a distal end portion of the catheter
shaft; a supply-discharge line connection portion which
has an internal space communicating with the liquid feed-

ing path, and to which a supply-discharge line that sup-
plies and discharges liquid to and from the liquid feeding
path through the internal space can be connected; and
a stopcock capable of closing the internal space of the
supply-discharge line connection portion, in which a po-
sition of the supply-discharge line connection portion with
respect to the housing is fixed.
[0008] The balloon catheter may further comprise: the
supply-discharge line connected to the supply-discharge
line connection portion; and a supply-discharge device
that is connected to the supply-discharge line to supply
and discharge liquid to and from the supply-discharge
line, and the supply-discharge line may include a soft
tube having a length of 200 mm or more.
[0009] The balloon catheter may further comprise a
stirring line connection portion which has an internal
space communicating with the liquid feeding path, and
to which a stirring line that sucks and discharges liquid
from and into the liquid feeding path through the internal
space of the stirring line connection portion to stir liquid
in the balloon can be connected, and a connection portion
between the internal space of the stirring line connection
portion and the liquid feeding path may be located closer
to the distal end portion of the catheter shaft than a con-
nection portion between the internal space of the supply-
discharge line connection portion and the liquid feeding
path.
[0010] In the balloon catheter, the stirring line connec-
tion portion may be fixed to the housing.
[0011] In the balloon catheter, the catheter shaft may
include an inner cylinder shaft to which a distal end of
the balloon is fixed and an outer cylinder shaft to which
a proximal end of the balloon is fixed, the outer cylinder
shaft having a lumen into which the inner cylinder shaft
is inserted to form the liquid feeding path between the
outer cylinder shaft and the inner cylinder shaft, and the
housing may be provided with an operation unit that ex-
tends the balloon by moving the inner cylinder shaft rel-
ative to the outer cylinder shaft along a first direction in
which the proximal end portion of the catheter shaft ex-
tends.
[0012] In the balloon catheter, the housing may include
a narrow portion narrowed in a direction intersecting a
first direction in which the proximal end portion of the
catheter shaft extends, a first gripping portion connected
to the narrow portion from one side in the first direction,
and a second gripping portion connected to the narrow
portion from the other side in the first direction.
[0013] In the balloon catheter, the catheter shaft may
include an inner cylinder shaft to which a distal end of
the balloon is fixed and an outer cylinder shaft to which
a proximal end of the balloon is fixed, the outer cylinder
shaft having a lumen into which the inner cylinder shaft
is inserted to form the liquid feeding path between the
outer cylinder shaft and the inner cylinder shaft, a max-
imum outer radius of the first gripping portion about an
axis extending along the first direction may be larger than
a maximum outer radius of the second gripping portion
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about an axis extending along the first direction, and the
first gripping portion may be provided with an operation
unit that moves the inner cylinder shaft relative to the
outer cylinder shaft along the first direction to extend the
balloon.
[0014] Alternatively, a balloon catheter according to
the present invention comprises: a housing; and a cath-
eter shaft having a proximal end portion disposed in the
housing and forming a liquid feeding path communicating
with an inside of a balloon attached to a distal end portion,
in which the housing includes a narrow portion narrowed
in a direction intersecting a first direction in which the
proximal end portion of the catheter shaft extends, a first
gripping portion connected to the narrow portion from
one side in the first direction, and a second gripping por-
tion connected to the narrow portion from the other side
in the first direction.
[0015] Alternatively, a balloon catheter according to
the present invention comprises: a housing;

a catheter shaft having a proximal end portion dis-
posed in the housing and forming a liquid feeding
path communicating with an inside of a balloon at-
tached to a distal end portion of the catheter shaft;
a supply-discharge line connection portion which
has an internal space communicating with the liquid
feeding path, and to which a supply-discharge line
that supplies and discharges liquid to and from the
liquid feeding path through the internal space of the
supply-discharge line connection portion can be con-
nected; and
a stirring line connection portion which has an inter-
nal space communicating with the liquid feeding
path, and to which a stirring line that sucks and dis-
charges liquid from and into the liquid feeding path
through the internal space of the stirring line connec-
tion portion to stir liquid in the balloon can be con-
nected,
in which a connection portion between the internal
space of the stirring line connection portion and the
liquid feeding path is located closer to the distal end
portion of the catheter shaft than a connection por-
tion between the internal space of the supply-dis-
charge line connection portion and the liquid feeding
path.

[0016] According to the present invention, it is possible
to provide a balloon catheter with improved operability.

BRIEF DESCRIPTION OF DRAWINGS

[0017]

FIG. 1 is a view for explaining an embodiment of the
present invention, and is a view illustrating an overall
configuration of a catheter system to which a balloon
catheter is applied.
FIG. 2 is a side view illustrating a proximal end por-

tion of the balloon catheter illustrated in FIG. 1.
FIG. 3 is a cross-sectional view schematically illus-
trating a catheter shaft and a balloon.
FIG. 4 is a cross-sectional view schematically illus-
trating the catheter shaft and the balloon.
FIG. 5 is a diagram illustrating a method of operating
an operation unit.
FIG. 6 is a view illustrating a partial cross-sectional
view of a housing taken along line I-I of FIG. 1 to-
gether with a movement restricting protrusion of an
operation unit.
FIG. 7 is a view illustrating a method of operating a
stopcock.
FIG. 8 is a front view of the housing as viewed from
a distal end side of the housing.
FIG. 9 is a diagram illustrating an overall configura-
tion of a conventional catheter system.

MODE FOR CARRYING OUT THE INVENTION

[0018] FIG. 1 is a view for explaining a balloon catheter
according to the present embodiment. FIG. 1 schemati-
cally illustrates an overall configuration of a catheter sys-
tem 1 to which a balloon catheter 10 according to the
present embodiment is applied. The balloon catheter 10
according to the present embodiment is devised for im-
proving operability.
[0019] The catheter system 1 illustrated in FIG. 1 com-
prises the balloon catheter (hereinafter, also simply re-
ferred to as a "catheter") 10 to and from which liquid is
supplied and discharged, a stirring line 60 and a stirring
device 65 for stirring the liquid in the catheter 10, and a
heating device 75 for heating the liquid in the catheter 10.
[0020] The catheter 10 comprises a catheter shaft 20
having a distal end to which a balloon 15 is attached, a
supply-discharge line connection portion 30, a stopcock
35, a stirring line connection portion 40, an operation unit
50 for extending the balloon 15, and a housing 55 that
accommodates a proximal end portion of the catheter
shaft 20. In the illustrated example, the catheter 10 further
comprises a supply-discharge line 36 connected to the
supply-discharge line connection portion 30, a supply-
discharge device 38 connected to the supply-discharge
line 36, and a heating electrode 70 electrically connected
to the heating device 75 to heat the liquid in the balloon
15.
[0021] In the present specification, the terms "distal
ends" and "distal end portions" used with respect to the
balloon 15, the catheter shaft 20 (including its inner cyl-
inder shaft 22 and outer cylinder shaft 24 to be described
later), the operation unit 50, and the housing 55 (including
each portion of the housing 55) respectively mean end
portions on the side close to the distal end of the catheter
10 extended in a straight line unless otherwise specified.
In addition, in the present specification, the terms "prox-
imal ends" and "proximal end portions" used with respect
to the balloon 15, the catheter shaft 20, the operation unit
50, and the housing 55 respectively mean end portions
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opposite to the distal ends of the balloon 15, the catheter
shaft 20, the operation unit 50, and the housing 55 unless
otherwise specified.
[0022] FIG. 2 illustrates a side view of the proximal end
portion of the catheter shaft 20. Further, FIGS. 3 and 4
are cross-sectional views schematically illustrating the
structure of the catheter shaft 20. FIG. 3 illustrates a
cross-section of the catheter shaft 20 with the balloon 15
in a liquid inflatable state in which the balloon 15 is in-
flatable with liquid, and FIG. 4 illustrates a cross-section
of the catheter shaft 20 with the balloon 15 in an extended
state.
[0023] As illustrated in FIGS. 3 and 4, the catheter shaft
20 is formed with a liquid feeding path 21 for feeding
liquid to the balloon 15. The liquid feeding path 21 com-
municates with the inside of the balloon 15. In the illus-
trated example, as illustrated in FIGS. 2 to 4, the catheter
shaft 20 includes an inner cylinder shaft 22 and an outer
cylinder shaft 24. The inner cylinder shaft 22 is inserted
into the lumen of the outer cylinder shaft 24. The liquid
feeding path 21 is formed between the inner cylinder shaft
22 and the outer cylinder shaft 24. A guide wire (not il-
lustrated) for guiding the catheter shaft 20 in the body of
the patient is inserted into the lumen of the inner cylinder
shaft 22.
[0024] The outer cylinder shaft 24 is not movable with
respect to the inside of the housing 55. The inner cylinder
shaft 22 is movable relative to the outer cylinder shaft 24
along the longitudinal direction of the catheter shaft 20.
In the illustrated example, the inner cylinder shaft 22 is
movable between two positions (balloon inflatable posi-
tion illustrated in FIG. 3 and balloon extension position
illustrated in FIG. 4) with reference to the outer cylinder
shaft 24. The operation unit 50 for moving the inner cyl-
inder shaft 22 relative to the outer cylinder shaft 24 is
fixed to the inner cylinder shaft 22.
[0025] The length of the catheter shaft 20 is preferably
from 0.5 to 2 m from the viewpoint of allowing the balloon
15 to reach the myocardial tissue. Further, the diameter
of the catheter shaft 20 is preferably from 3 to 5 mm from
the viewpoint of insertion into a blood vessel. The material
of the catheter shaft 20 is preferably a flexible material
having excellent antithrombogenicity, and examples
thereof include a fluororesin, a polyamide resin, a poly-
urethane resin, and a polyimide resin, but are not limited
thereto.
[0026] The internal space of the balloon 15 communi-
cates with the liquid feeding path 21. In the example il-
lustrated in FIGS. 3 and 4, the distal end of the balloon
15 is fixed to the distal end of the inner cylinder shaft 22.
Further, the proximal end of the balloon 15 is fixed to the
distal end of the outer cylinder shaft 24. Then, by moving
the inner cylinder shaft 22 relative to the outer cylinder
shaft 24 along the longitudinal direction of the catheter
shaft 20, the balloon 15 can be extended in the direction
of the relative movement between the inner cylinder shaft
22 and the outer cylinder shaft 24.
[0027] The diameter of the balloon 15 is preferably

from 20 to 40 mm from the viewpoint of being able to
closely contact the site where the arrhythmia occurs. Fur-
ther, the balloon 15 preferably has a spherical shape.
Further, the thickness of the balloon 15 is preferably from
20 to 100 mm. As the material of the balloon 15, a stretch-
able material excellent in antithrombogenicity is prefer-
able, and a polyurethane-based polymer material is more
preferable. Examples of the polyurethane-based poly-
mer material include thermoplastic polyether urethane,
polyether polyurethane urea, fluorine polyether urethane
urea, polyether polyurethane urea resin, and polyether
polyurethane urea amide.
[0028] As illustrated in FIGS. 2 to 4, the operation unit
50 is fixed to the inner cylinder shaft 22. In addition, the
operation unit 50 is movable relative to the housing 55
in a first direction D1 along the proximal end portion of
the catheter shaft 20. Therefore, the operation unit 50 is
movable together with the inner cylinder shaft 22 relative
to the housing 55 and the outer cylinder shaft 24 in the
first direction D1. In the illustrated example, the proximal
end portion of the inner cylinder shaft 22 extends from
the proximal end of the outer cylinder shaft 24, and a
proximal end portion 51 of the operation unit 50 is con-
nected to the proximal end portion of the inner cylinder
shaft 22. A distal end portion 52 of the operation unit 50
is exposed to the outside of the housing 55 through an
operation unit opening 55a formed in the housing 55, and
the operation unit 50 can be operated from the outside
of the housing 55. As illustrated in FIG. 5, such an oper-
ation unit 50 can be operated with the same hand H2 as
the hand H2 gripping the housing 55.
[0029] FIG. 6 is a cross-sectional view illustrating the
housing 55 and the proximal end portion of the operation
unit 50. In the illustrated example, as illustrated in FIG.
6, the proximal end portion 51 of the operation unit 50 is
provided with a movement restricting protrusion 53 that
protrudes in a second direction D2 intersecting the first
direction D1 that is the moving direction of the operation
unit 50. The relative movement of the operation unit 50
relative to the housing 55 is restricted by engaging the
movement restricting protrusion 53 with any one of a plu-
rality of movement restricting recesses 56 provided along
the first direction D1 on the inner wall of the housing 55.
This may maintain the balloon 15 at a desired length
along the longitudinal direction of the catheter shaft 20.
[0030] The engagement between the movement re-
stricting protrusion 53 and the movement restricting re-
cess 56 can be released by the proximal end portion 51
of the operation unit 50 being elastically deformed in the
second direction D2. In the illustrated example, since
each movement restricting recess 56 is delimited by in-
clined surfaces of the side wall portions 56b facing one
another in the first direction D1, when a force in the first
direction D1 is applied to the operation unit 50 in a state
where the movement restricting protrusion 53 and the
movement restricting recess 56 are engaged, a force in
the second direction D2 is applied from the side wall por-
tion 56a to the movement restricting protrusion 53, and
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the proximal end portion 51 of the operation unit 50 is
elastically deformed in the second direction D2. As a re-
sult, the movement restricting protrusion 53 moves in the
second direction D2, and the engagement between the
movement restricting protrusion 53 and the movement
restricting recess 56 is released. As a matter of course,
the method for releasing the engagement between the
movement restricting protrusion 53 and the movement
restricting recess 56 is not limited thereto. The engage-
ment between the movement restricting protrusion 53
and the movement restricting recess 56 may be released,
for example, by the housing 55 being elastically deformed
in the second direction D2.
[0031] The supply-discharge line connection portion
30 is formed in a tubular shape and has an internal space
31 communicating with the liquid feeding path 21 (see
FIGS. 3 and 4). The liquid is supplied to and discharged
from the liquid feeding path 21 through the internal space
31. In the illustrated example, the supply-discharge line
connection portion 30 is connected to the proximal end
portion of the outer cylinder shaft 24, and the position
thereof with respect to the housing 55 is fixed.
[0032] As illustrated in FIG. 1, one end of the supply-
discharge line 36 is connected to the supply-discharge
device 38, and the other end thereof is connected to the
supply-discharge line connection portion 30. The supply-
discharge line 36 supplies and discharges liquid to and
from the liquid feeding path 21 through the internal space
31 of the supply-discharge line connection portion 30. In
the illustrated example, the supply-discharge line 36 in-
cludes a soft tube having a length of 200 mm or more.
Since the supply-discharge line 36 includes a soft tube
having a sufficient length, as illustrated in FIG. 7, it is
possible to curve the supply-discharge line 36 in order
to operate the stopcock 35 while gripping the supply-
discharge device 38 in a state where the supply-dis-
charge device 38 is connected to the catheter shaft 20
via the supply-discharge line 36 and the supply-dis-
charge line connection portion 30. As the material of the
supply-discharge line 36, for example, polyvinyl chloride,
polyurethane, silicon, polyamide, or the like can be em-
ployed.
[0033] The supply-discharge device 38 supplies and
discharges liquid to and from the supply-discharge line
36. In the illustrated example, the supply-discharge de-
vice 38 is a syringe, but is not limited thereto. In the ex-
ample illustrated in FIG. 1, the supply-discharge device
38 is provided with a ring/rings 39 through which a person
who operates the supply-discharge device 38 passes
his/her finger/fingers. This makes it easy to operate the
stopcock 35 and the like while gripping the supply-dis-
charge device 38. As the liquid supplied and discharged
by the supply-discharge device 38, a contrast medium
or a contrast medium diluted with physiological saline is
preferable so that the balloon 15 inflated with the liquid
can be confirmed by an X-ray fluoroscopic image.
[0034] The supply-discharge line 36 and the supply-
discharge device 38 may be included in the catheter sys-

tem 1 and may not be included in the balloon catheter 10.
[0035] The stopcock 35 is provided in the supply-dis-
charge line connection portion 30. More specifically, a
part of the stopcock 35 is arranged in the internal space
31 of the supply-discharge line connection portion 30,
and the internal space 31 of the supply-discharge line
connection portion 30 can be closed by rotating the stop-
cock 35 relative to the supply-discharge line connection
portion 30 and arranging the stopcock 35 in a predeter-
mined direction. In the illustrated example, the stopcock
35 is rotatable between a closed position indicated by a
solid line in FIG. 2 and an open position indicated by a
broken line in FIG. 2. When the stopcock 35 is disposed
at the closed position, the internal space 31 of the supply-
discharge line connection portion 30 is closed, and the
communication between the supply-discharge line 36
and the liquid feeding path 21 is blocked. When the stop-
cock 35 is disposed at the open position, the internal
space 31 of the supply-discharge line connection portion
30 is opened, and the supply-discharge line 36 and the
liquid feeding path 21 communicate with each other.
[0036] As described above, the position of the supply-
discharge line connection portion 30 with respect to the
housing 55 is fixed. This improves the operability of the
stopcock 35. Specifically, first, as illustrated in FIG. 7,
the catheter shaft 20 and the supply-discharge line con-
nection portion 30 can be simultaneously retained by re-
taining the housing 55. In other words, the supply-dis-
charge line connection portion 30 can be retained by a
hand holding the catheter shaft 20. Therefore, it is pos-
sible to retain the catheter shaft 20 and the supply-dis-
charge line connection portion 30 by gripping the housing
55 with one hand and operate the stopcock 35 with the
other hand. That is, it is possible that a person who op-
erates the catheter shaft 20 operates the stopcock 35
while retaining the catheter shaft 20.
[0037] The stirring line connection portion 40 is formed
in a tubular shape and has an internal space 41 commu-
nicating with the liquid feeding path 21 (see FIGS. 3 and
4). The stirring line connection portion 40 is connected
with a stirring line 60 that sucks and discharges liquid
from and into the liquid feeding path 21 through the in-
ternal space 41 of the stirring line connection portion 40.
When the stirring line 60 is connected and the liquid is
sucked and discharged from and into the liquid feeding
path 21, the liquid in the balloon 15 vibrates and is stirred.
By stirring the liquid in the balloon 15, the surface tem-
perature of the balloon 15 can be made uniform, and the
diseased part can be uniformly cauterized.
[0038] Here, the stirring line 60 is connected to the stir-
ring device 65 to suck and discharge the liquid from and
into the liquid feeding path 21. The stirring device 65 pe-
riodically sucks and discharges the liquid from and into
the internal space of the stirring line 60. The stirring de-
vice 65 is preferably a device that repeats suction and
discharge of liquid 1 to 5 times per 1 second, and pref-
erably includes a pump selected from the group consist-
ing of a roller pump, a diaphragm pump, a bellows pump,
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a vane pump, a centrifugal pump, and a pump including
a combination of a piston and a cylinder.
[0039] The stirring line connection portion 40 is con-
nected to the proximal end portion of the outer cylinder
shaft 24. In the illustrated example, the stirring line con-
nection portion 40 is fixed to the housing 55. Accordingly,
by holding the housing 55, the stirring line connection
portion 40 and the stirring line 60 can be held together
with the catheter shaft 20.
[0040] In the illustrated example, as illustrated in FIG.
2, the stirring line connection portion 40 is provided closer
to the distal end portion of the catheter shaft 20 than the
supply-discharge line connection portion 30. In other
words, as illustrated in FIGS. 3 and 4, the connection
portion between the internal space 41 of the stirring line
connection portion 40 and the liquid feeding path 21 is
located closer to the distal end portion of the catheter
shaft 20 than the connection portion between the internal
space 31 of the supply-discharge line connection portion
30 and the liquid feeding path 21. As a result, it is possible
to control stirring of the liquid and supply and discharge
of the liquid independently. Specifically, even during sup-
ply of the liquid from the supply-discharge line 36 to the
liquid feeding path 21 and discharge of the liquid from
the liquid feeding path 21 to the supply-discharge line
36, the liquid can be sucked and discharged from and
into the liquid feeding path 21 through the internal space
41 of the stirring line connection portion 40 to stir the
liquid in the balloon 15. As a result, even if the liquid is
supplied and discharged to and from the liquid feeding
path 21 during the cauterization of the diseased part, the
surface temperature of the balloon 15 can be uniformly
maintained, and the occurrence of uneven cauterization
in the diseased part can be prevented. Then, the thera-
peutic effect can be improved, and the burden on the
patient can be reduced.
[0041] The stirring line connection portion 40 is not pro-
vided with the stopcock 35. In the illustrated example,
the stirring line connection portion 40 causes the stirring
line 60 and the liquid feeding path 21 to always commu-
nicate with each other at least while the stirring line 60
is connected.
[0042] As illustrated in FIG. 1, the heating electrode 70
is fixed to the outer peripheral surface of the inner cylinder
shaft 22 inside the balloon 15. The distal end of the lead
wire 71 is connected to the heating electrode 70. The
other end portion of the lead wire 71 is provided with a
connector 72 for electrically connecting the lead wire 71
to the heating device 75. Here, the heating device 75
applies electrical energy to the heating electrode 70 via
the lead wire 71 to heat the liquid around the heating
electrode 70. As the heating device 75, a high frequency
generation device capable of generating a high frequen-
cy current of 100 Hz or more can be employed, but the
present invention is not limited thereto.
[0043] In the illustrated example, the lead wire 71 is
inserted into the liquid feeding path 21, but the present
invention is not limited thereto.

[0044] As illustrated in FIG. 1, the housing 55 includes
a narrow portion 57 narrowed in a direction intersecting
the first direction D1 in which the proximal end portion of
the catheter shaft 20 extends, a first gripping portion 58
connected to the narrow portion 57 from one side (prox-
imal end side) in the first direction D1, and a second grip-
ping portion 59 connected to the narrow portion 57 from
the other side (distal end side) in the first direction D1.
Since the narrow portion 57 is formed in the housing 55,
both the first gripping portion 58 and the second gripping
portion 59 can be easily gripped. In addition, it is possible
to prevent the housing 55 from being displaced in the
first direction D1 from the hand of a person who grips the
housing 55 (person who operates the catheter 10) while
the housing 55 is gripped. As a result, it is possible to
prevent the catheter shaft 20 and the balloon 15 from
unintentionally moving along the longitudinal direction of
the catheter shaft 20 while the housing 55 is gripped. As
a result, it is possible to prevent the catheter shaft 20 and
the balloon 15 from being unintentionally separated from
the diseased part during cauterization of the diseased
part.
[0045] FIG. 8 illustrates a view of the housing 55 as
viewed from its distal end side. In FIG. 8, an arrow ex-
tending along a direction perpendicular to the paper sur-
face of the drawing is represented by a symbol of a circled
dot.
[0046] In the illustrated example, as illustrated in FIG.
8, a maximum radius (hereinafter, also referred to as
"maximum outer radius") R1 of the circumscribed circle
of the first gripping portion 58 about an axis X1 extending
along the first direction D1 is larger than a maximum ra-
dius (maximum outer radius) R2 of the circumscribed cir-
cle of the second gripping portion 59 about an axis X2
extending along the first direction D1. The first gripping
portion 58 is provided with the operation unit 50 for ex-
tending the balloon 15. As a result, the operation method
of the catheter 10 can be visually transmitted. That is,
when operating the operation unit 50, it is necessary to
apply a relatively large force capable of releasing the
engagement between the movement restricting protru-
sion 53 and the movement restricting recess 56 to the
housing 55 and the operation unit 50. Therefore, it is un-
derstood that the first gripping portion 58 should be firmly
gripped to operate operation unit 50 as illustrated in FIG.
5. On the other hand, in other cases, since it is sufficient
to apply a relatively small force to the housing 55, it is
understood that it is only necessary to lightly hold the
second gripping portion 59 as illustrated in FIG. 7.
[0047] Next, an example of a method of operating the
catheter system 1 to which the above-described balloon
catheter 10 is applied will be described with reference to
FIGS. 1 to 5 and 7. Hereinafter, a case where the catheter
system 1 is applied to ablation treatment of atrial fibrilla-
tion will be described as an example.
[0048] First, the distal end of the catheter 10 is inserted
into the pulmonary vein. At this time, the inner cylinder
shaft 22 is disposed at the balloon extension position

9 10 



EP 4 129 381 A1

7

5

10

15

20

25

30

35

40

45

50

55

illustrated in FIG. 4, and the balloon 15 is extended. No
liquid is contained in the balloon 15. Further, the stopcock
35 is disposed at a closed position (position indicated by
a solid line in FIG. 2), and the internal space 31 of the
supply-discharge line connection portion 30 is closed.
Therefore, communication between the supply-dis-
charge line 36 and the liquid feeding path 21 is blocked.
In addition, the stirring line 60 is connected to the stirring
line connection portion 40 and the heating device 75 is
connected to the connector 72, but the stirring device 65
and the heating device 75 are not operated.
[0049] After the distal end of the catheter 10 is inserted
into the pulmonary vein, as illustrated in FIG. 5, while the
second gripping portion 59 of the housing 55 is gripped
with one hand H1, the first gripping portion 58 of the hous-
ing 55 is firmly gripped with the other hand H2. Then,
while gripping the first gripping portion 58 with the other
hand H2, the operation unit 50 is moved to the proximal
end side of the housing 55 with a finger/fingers of the
other hand H2. As a result, the inner cylinder shaft 22
moves to the balloon inflatable position illustrated in FIG.
3.
[0050] Next, as illustrated in FIG. 7, while the second
gripping portion 59 of the housing 55 is gripped with the
one hand H1, the supply-discharge device 38 is gripped
with the other hand H2. Then, while gripping the supply-
discharge device 38 with the other hand H2, the supply-
discharge line 36 is curved, and the stopcock 35 is rotated
to the open position (position indicated by the broken line
in FIG. 2) with the other hand H2. As a result, the supply-
discharge line 36 and the liquid feeding path 21 commu-
nicate with each other. Thereafter, the supply-discharge
device 38 is operated with the other hand H2 to supply
the liquid into the liquid feeding path 21 and the balloon
15.
[0051] When the balloon 15 is sufficiently inflated by
the supplied liquid, as illustrated in FIG. 7, the supply-
discharge line 36 is curved while the supply-discharge
device 38 is gripped by the other hand H2, and the stop-
cock 35 is rotated to the closed position by the other hand
H2. As a result, the internal space 31 of the supply-dis-
charge line connection portion 30 is closed, and commu-
nication between the supply-discharge line 36 and the
liquid feeding path 21 is blocked. Thereafter, the stirring
device 65 and the heating device 75 are operated to stir
the liquid in the balloon 15 while heating the liquid. As a
result, the diseased part is cauterized. During the cau-
terization, the catheter shaft 20 and/or the second grip-
ping portion 59 of the housing 55 are held with one hand
H2 and/or both hands H1 and H2 so that the balloon 15
is not separated from the diseased part, and the catheter
shaft 20 is retained against the diseased part.
[0052] When it is determined that the balloon 15 has
insufficient liquid or the balloon 15 has excessive liquid
during cauterization, the liquid is supplied or discharged
while the stirring of the liquid in the balloon 15 by the
stirring device 65 is continued. Specifically, as illustrated
in FIG. 7, the supply-discharge device 38 is gripped with

the other hand H2, the supply-discharge line 36 is curved
while the supply-discharge device 38 is gripped, and the
stopcock 35 is rotated to the open position with the other
hand H2. As a result, the liquid feeding path 21 and the
supply-discharge line 36 communicate with each other.
Then, the supply-discharge device 38 is operated with
the other hand H2 to supply and discharge the liquid to
and from the liquid feeding path 21 and the balloon 15.
During this time, since the liquid in the balloon 15 con-
tinues to be stirred by the stirring device 65, the temper-
ature of the surface of the balloon 15 is maintained uni-
form. Then, when the amount of the liquid in the balloon
15 reaches an appropriate amount, as illustrated in FIG.
7, the supply-discharge line 36 is curved while the supply-
discharge device 38 is gripped with the other hand H2,
and the stopcock 35 is rotated to the closed position with
the other hand H2. As a result, communication between
the liquid feeding path 21 and the supply-discharge line
36 is blocked.
[0053] When the cauterization is completed, the stir-
ring device 65 and the heating device 75 are stopped.
Then, the liquid is discharged from the balloon 15 and
the liquid feeding path 21. Specifically, as illustrated in
FIG. 7, while the second gripping portion 59 of the hous-
ing 55 is gripped with the one hand H1, the supply-dis-
charge device 38 is gripped with the other hand H2, the
supply-discharge line 36 is curved while the supply-dis-
charge device 38 is gripped, and the stopcock 35 is ro-
tated to the open position with the other hand H2. As a
result, the liquid feeding path 21 and the supply-dis-
charge line 36 communicate with each other. Then, the
supply-discharge device 38 is operated with the other
hand H2 to discharge the liquid from the balloon 15 and
the liquid feeding path 21. When the liquid in the balloon
15 is sufficiently discharged, the supply-discharge line
36 is curved while holding the supply-discharge device
38 with the other hand H2, and the stopcock 35 is rotated
to the closed position with the other hand H2. As a result,
communication between the liquid feeding path 21 and
the supply-discharge line 36 is blocked.
[0054] Next, the balloon 15 is extended while gripping
the second gripping portion 59 of the housing 55 with the
one hand H1. Specifically, as illustrated in FIG. 5, the
other hand H2 firmly grips the first gripping portion 58 of
the housing 55, and a finger/ fingers of the other hand
H2 move the operation unit 50 to the distal end side of
the housing 55. As a result, the inner cylinder shaft 22
moves to the balloon extension position illustrated in FIG.
4. Once the balloon 15 is sufficiently extended, the cath-
eter 10 is withdrawn from the pulmonary vein.
[0055] As described above, according to the present
embodiment, the balloon catheter 10 comprises the
housing 55, the catheter shaft 20 having the proximal
end portion disposed in the housing 55 and forming the
liquid feeding path 21 communicating with the inside of
the balloon 15 attached to the distal end portion of the
catheter shaft, the supply-discharge line connection por-
tion 30 which has the internal space 31 communicating
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with the liquid feeding path 21, and to which the supply-
discharge line 36 that supplies and discharges the liquid
to and from the liquid feeding path 21 through the internal
space 31 can be connected, and the stopcock 35 capable
of closing the internal space 31 of the supply-discharge
line connection portion 30. The position of the supply-
discharge line connection portion 30 with respect to the
housing 55 is fixed. According to such a balloon catheter
10, the operability of the stopcock 35 is improved.
[0056] Further, the balloon catheter 10 according to
the present embodiment further comprises the supply-
discharge line 36 connected to the supply-discharge line
connection portion 30 and the supply-discharge device
38 that is connected to the supply-discharge line 36 to
supply and discharge the liquid to and from the supply-
discharge line 36. The supply-discharge line 36 includes
a soft tube having a length of 200 mm or more. According
to such a balloon catheter 10, the stopcock 35 can be
operated while gripping the supply-discharge device 38
in a state where the supply-discharge device 38 is con-
nected to the catheter shaft 20 via the supply-discharge
line 36 and the supply-discharge line connection portion
30.
[0057] The balloon catheter 10 according to the
present embodiment further comprises the stirring line
connection portion 40 which has the internal space 41
communicating with the liquid feeding path 21, and to
which the stirring line 60 that sucks and discharges the
liquid from and into the liquid feeding path 21 through the
internal space 41 to stir the liquid in the balloon 15 can
be connected. The connection portion between the inter-
nal space 41 of the stirring line connection portion 40 and
the liquid feeding path 21 is located closer to the distal
end portion of the catheter shaft than the connection por-
tion between the internal space 31 of the supply-dis-
charge line connection portion 30 and the liquid feeding
path 21. According to such a balloon catheter 10, even
during supply of the liquid from the supply-discharge line
36 to the liquid feeding path 21 and discharge of the liquid
from the liquid feeding path 21 to the supply-discharge
line 36, the liquid can be sucked and discharged from
and into the liquid feeding path 21 through the internal
space 41 of the stirring line connection portion 40 to stir
the liquid in the balloon 15. As a result, even if the liquid
is supplied and discharged to and from the liquid feeding
path 21 during the cauterization of the diseased part, the
surface temperature of the balloon 15 can be uniformly
maintained, and the occurrence of uneven cauterization
in the diseased part can be prevented. Then, the thera-
peutic effect can be improved, and the burden on the
patient can be reduced.
[0058] In addition, in the balloon catheter 10 according
to the present embodiment, the stirring line connection
portion 40 is fixed to the housing 55. Accordingly, by hold-
ing the housing 55, the stirring line connection portion 40
and the stirring line 60 can be held together with the cath-
eter shaft 20.
[0059] In addition, in the balloon catheter 10 according

to the present embodiment, the catheter shaft 20 includes
the inner cylinder shaft 22 to which the distal end of the
balloon 15 is fixed, and the outer cylinder shaft 24 to
which the proximal end of the balloon 15 is fixed, the
outer cylinder shaft 24 having a lumen into which the
inner cylinder shaft 22 is inserted to form the liquid feed-
ing path 21 between the outer cylinder shaft 24 and the
inner cylinder shaft 22. The housing 55 is provided with
the operation unit 50 that moves the inner cylinder shaft
22 relative to the outer cylinder shaft 24 along the first
direction D1 in which the proximal end portion of the cath-
eter shaft 20 extends in order to extend the balloon 15.
According to such a balloon catheter 10, the operation
unit 50 can be operated with the same hand H2 as the
hand H2 gripping the housing 55.
[0060] In addition, in the balloon catheter 10 according
to the present embodiment, the housing 55 includes the
narrow portion 57 narrowed in the direction intersecting
the first direction D1 in which the proximal end portion of
the catheter shaft 20 extends, the first gripping portion
58 connected to the narrow portion 57 from one side in
the first direction D1, and the second gripping portion 59
connected to the narrow portion 57 from the other side
in the first direction D1. According to such a balloon cath-
eter 10, it is possible to prevent the housing 55 from being
displaced in the first direction D1 from the hand of a per-
son who grips the housing 55 (person who operates the
catheter 10) while the housing 55 is gripped. As a result,
it is possible to prevent the catheter shaft 20 and the
balloon 15 from unintentionally moving along the longi-
tudinal direction of the catheter shaft 20 while the housing
55 is gripped. As a result, it is possible to prevent the
catheter shaft 20 and the balloon 15 from being uninten-
tionally separated from the diseased part during cauter-
ization of the diseased part.
[0061] In addition, in the balloon catheter 10 according
to the present embodiment, the catheter shaft 20 includes
the inner cylinder shaft 22 to which the distal end of the
balloon 15 is fixed, and the outer cylinder shaft 24 to
which the proximal end of the balloon 15 is fixed, the
outer cylinder shaft 24 having a lumen into which the
inner cylinder shaft 22 is inserted to form the liquid feed-
ing path 21 between the outer cylinder shaft 24 and the
inner cylinder shaft 22. The maximum outer radius R1 of
the first gripping portion 58 about the axis X1 extending
along the first direction D1 is larger than the maximum
outer radius R2 of the second gripping portion 59 about
the axis X2 extending along the first direction D1, and
the first gripping portion 58 is provided with the operation
unit 50 that moves the inner cylinder shaft 22 relative to
the outer cylinder shaft 24 along the first direction D1 to
stretch the balloon 15. According to such a balloon cath-
eter 10, the operation method of the catheter 10 can be
visually transmitted. That is, it is understood that when
operating the operation unit 50, the first gripping portion
58 should be firmly gripped to operate the operation unit
50 as illustrated in FIG. 5. On the other hand, in other
cases, it is understood that the second gripping portion
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59 may be lightly held as illustrated in FIG. 7.
[0062] Alternatively, the balloon catheter 10 according
to the present embodiment comprises the housing 55
and the catheter shaft 20 having the proximal end portion
disposed in the housing 55 and forming the liquid feeding
path 21 communicating with the inside of the balloon 15
attached to the distal end portion of the catheter shaft
20. The housing 55 includes the narrow portion 57 nar-
rowed in the direction intersecting the first direction D1
in which the proximal end portion of the catheter shaft 20
extends, the first gripping portion 58 connected to the
narrow portion 57 from one side in the first direction D1,
and the second gripping portion 59 connected to the nar-
row portion 57 from the other side in the first direction
D1. According to such a balloon catheter 10, it is possible
to prevent the housing 55 from being displaced in the
first direction D1 from the hand of a person who grips the
housing 55 (person who operates the catheter 10) while
the housing 55 is gripped. As a result, it is possible to
prevent the catheter shaft 20 and the balloon 15 from
unintentionally moving along the longitudinal direction of
the catheter shaft 20 while the housing 55 is gripped. As
a result, it is possible to prevent the catheter shaft 20 and
the balloon 15 from being unintentionally separated from
the diseased part during cauterization of the diseased
part.
[0063] Alternatively, the balloon catheter 10 according
to the present embodiment comprises the housing 55,
the catheter shaft 20 having the proximal end portion
disposed in the housing 55 and forming the liquid feeding
path 21 communicating with the inside of the balloon 15
attached to the distal end portion of the catheter shaft
20, the supply-discharge line connection portion 30 which
has the internal space 31 communicating with the liquid
feeding path 21, and to which the supply-discharge line
36 that supplies and discharges the liquid to and from
the liquid feeding path 21 through the internal space 31
can be connected, and the stirring line connection portion
40 which has the internal space 41 communicating with
the liquid feeding path 21, and to which the stirring line
60 that sucks and discharges the liquid from and into the
liquid feeding path 21 through the internal space 41 to
stir the liquid in the balloon 15 can be connected. The
connection portion between the internal space 41 of the
stirring line connection portion 40 and the liquid feeding
path 21 is located closer to the distal end portion of the
catheter shaft 20 than the connection portion between
the internal space 31 of the supply-discharge line con-
nection portion 30 and the liquid feeding path 21. Accord-
ing to such a balloon catheter 10, even during supply of
the liquid from the supply-discharge line 36 to the liquid
feeding path 21 and discharge of the liquid from the liquid
feeding path 21 to the supply-discharge line 36, the liquid
can be sucked and discharged from and into the liquid
feeding path 21 through the internal space 41 of the stir-
ring line connection portion 40 to stir the liquid in the
balloon 15. As a result, even if the liquid is supplied and
discharged to and from the liquid feeding path 21 during

the cauterization of the diseased part, the surface tem-
perature of the balloon 15 can be uniformly maintained,
and the occurrence of uneven cauterization in the dis-
eased part can be prevented. Then, the therapeutic effect
can be improved, and the burden on the patient can be
reduced.
[0064] The above-described embodiment and modifi-
cations thereof are included in the scope and gist of the
invention, and are included in the invention described in
the claims and the equivalent scope thereof. In addition,
as a matter of course, it is also possible to partially ap-
propriately combine the above-described embodiment
and modifications thereof within the scope of the gist of
the present invention.

REFERENCE SIGNS LIST

[0065]

1 catheter system
1, 10 balloon catheter
15 balloon
20 catheter shaft
22 inner cylinder shaft
24 outer cylinder shaft
30 supply-discharge line connection portion
31 internal space of supply-discharge line connec-

tion portion
35 stopcock
40 stirring line connection portion
41 internal space of stirring line connection portion
50 operation unit
55 housing
57 narrow portion
58 first gripping portion
59 second gripping portion
60 stirring line
65 stirring device
70 heating electrode
71 lead wire
75 heating device

Claims

1. A balloon catheter comprising:

a housing;
a catheter shaft having a proximal end portion
disposed in the housing and forming a liquid
feeding path communicating with an inside of a
balloon attached to a distal end portion of the
catheter shaft;
a supply-discharge line connection portion
which has an internal space communicating with
the liquid feeding path, and to which a supply-
discharge line that supplies and discharges liq-
uid to and from the liquid feeding path through
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the internal space can be connected; and
a stopcock capable of closing the internal space
of the supply-discharge line connection portion,
wherein a position of the supply-discharge line
connection portion with respect to the housing
is fixed.

2. The balloon catheter according to claim 1, compris-
ing:

the supply-discharge line connected to the sup-
ply-discharge line connection portion; and
a supply-discharge device that is connected to
the supply-discharge line to supply and dis-
charge liquid to and from the supply-discharge
line,
wherein the supply-discharge line includes a
soft tube having a length of 200 mm or more.

3. The balloon catheter according to claim 1 or 2, com-
prising

a stirring line connection portion which has an
internal space communicating with the liquid
feeding path, and to which a stirring line that
sucks and discharges liquid from and into the
liquid feeding path through the internal space of
the stirring line connection portion to stir liquid
in the balloon can be connected,
wherein a connection portion between the inter-
nal space of the stirring line connection portion
and the liquid feeding path is located closer to
the distal end portion of the catheter shaft than
a connection portion between the internal space
of the supply-discharge line connection portion
and the liquid feeding path.

4. The balloon catheter according to any one of claims
1 to 3,

wherein the catheter shaft includes an inner cyl-
inder shaft to which a distal end of the balloon
is fixed and an outer cylinder shaft to which a
proximal end of the balloon is fixed, the outer
cylinder shaft having a lumen into which the in-
ner cylinder shaft is inserted to form the liquid
feeding path between the outer cylinder shaft
and the inner cylinder shaft, and
the housing is provided with an operation unit
that extends the balloon by moving the inner cyl-
inder shaft relative to the outer cylinder shaft
along a first direction in which the proximal end
portion of the catheter shaft extends.

5. The balloon catheter according to any one of claims
1 to 4, wherein the housing includes a narrow portion
narrowed in a direction intersecting a first direction
in which the proximal end portion of the catheter shaft

extends, a first gripping portion connected to the nar-
row portion from one side in the first direction, and
a second gripping portion connected to the narrow
portion from the other side in the first direction.

6. The balloon catheter according to claim 5,

wherein the catheter shaft includes an inner cyl-
inder shaft to which a distal end of the balloon
is fixed and an outer cylinder shaft to which a
proximal end of the balloon is fixed, the outer
cylinder shaft having a lumen into which the in-
ner cylinder shaft is inserted to form the liquid
feeding path between the outer cylinder shaft
and the inner cylinder shaft,
a maximum outer radius of the first gripping por-
tion about an axis extending along the first di-
rection is larger than a maximum outer radius of
the second gripping portion about an axis ex-
tending along the first direction, and
the first gripping portion is provided with an op-
eration unit that moves the inner cylinder shaft
relative to the outer cylinder shaft along the first
direction to extend the balloon.

7. A balloon catheter comprising:

a housing; and
a catheter shaft having a proximal end portion
disposed in the housing and forming a liquid
feeding path communicating with an inside of a
balloon attached to a distal end portion of the
catheter shaft,
wherein the housing includes a narrow portion
narrowed in a direction intersecting a first direc-
tion in which the proximal end portion of the cath-
eter shaft extends, a first gripping portion con-
nected to the narrow portion from one side in
the first direction, and a second gripping portion
connected to the narrow portion from the other
side in the first direction.

8. A balloon catheter comprising:

a housing;
a catheter shaft having a proximal end portion
disposed in the housing and forming a liquid
feeding path communicating with an inside of a
balloon attached to a distal end portion of the
catheter shaft;
a supply-discharge line connection portion
which has an internal space communicating with
the liquid feeding path, and to which a supply-
discharge line that supplies and discharges liq-
uid to and from the liquid feeding path through
the internal space of the supply-discharge line
connection portion can be connected; and
a stirring line connection portion which has an
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internal space communicating with the liquid
feeding path, and to which a stirring line that
sucks and discharges liquid from and into the
liquid feeding path through the internal space of
the stirring line connection portion to stir liquid
in the balloon can be connected,
wherein a connection portion between the inter-
nal space of the stirring line connection portion
and the liquid feeding path is located closer to
the distal end portion of the catheter than a con-
nection portion between the internal space of
the supply-discharge line connection portion
and the liquid feeding path.
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